INTRODUCTION
Systemic lupus erythematosus (SLE) is a multisystem inflammatory autoimmune disease with extremely diverse clinical manifestations. [1] [2] [3] [4] It is considered as a complex heterogeneous autoimmune disorder with various immunological aberrations including overproduction of autoantibodies, reduced phagocytic clearance of immune complexes and apoptotic bodies, and defective T-cell regulation of B-cell activity.
antigen-presenting cells, natural killer cells, and B-and T-lymphocytes. [9] Several studies have demonstrated the protective effect of Vitamin D on the immunological abnormalities associated with SLE including its association with downregulation of the T-cell response, proliferation of B-cells, and upregulation of Tregs. Further, there are evidences regarding the inhibitory effect of Vitamin D on dendritic cell maturation and expression of interferon-α-induced genes in patients with SLE. [10, 11] Many epidemiological studies worldwide have reported a higher prevalence rate of Vitamin D insufficiency and deficiency among patients with SLE. Accordingly, 87% of patients with SLE observed to be Vitamin D deficient and 48% of this group of patients found to be Vitamin D insufficient. [12] Although there are evidences regarding the association between Vitamin D deficiency and higher disease activity of SLE, there is discrepancy regarding the relationship between the level of Vitamin D and disease activity in patients with SLE. Some studies indicated an inverse relationship, but others failed to show such an association. [13] [14] [15] [16] Most of the recently published review studies in this field have suggested that Vitamin D can be considered as a potential risk factor for SLE rather than a consequence of it. [17] Most of these studies have recommended that to establish the mentioned suggestions, it is necessary to evaluate the clinical efficacy of Vitamin D supplementation in this group of patients or at-risk population.
[18] Some interventional studies have investigated the impact of Vitamin D administration on disease activity as well as other related complications such as fatigue and protienuria. [19, 20] In vivo studies on murine models of SLE have demonstrated a significant improvement in dermatologic manifestations of the disease, proteinuria, and increased survival of SLE. [21] Regional studies have reported that with an estimated prevalence rate of 40/100,000 population, SLE is considered a relatively common disease in Iran. [22] Further, some studies have also indicated that most of the newly diagnosed SLE patients were Vitamin D deficient. [23] Moreover, they showed an association between Vitamin D deficiency and disease activity among the affected patients and emphasized the importance of routine screening of Vitamin D deficiency and effectiveness of its treatment. [23] Thus, considering that both global and regional studies recommended investigating the effectiveness of this supplement through interventional studies to obtain more conclusive results for appropriate management of SLE and preventing its related complications, we aimed to study the effectiveness of Vitamin D administration on disease activity of Vitamin D-deficient SLE patients.
MATERIALS AND METHODS
In this randomized, double-blind, placebo-controlled trial, that was parallel with control and placebo groups, patients with SLE referred to rheumatologic clinic of Al Zahra Hospital, affiliated to Isfahan University of Medical Sciences (Isfahan, Iran), were enrolled. A total of 97 participants from September 2013 to March 2014 were selected by simple random sampling method, and then randomly allocated to two groups by block randomization method; however, only ninety patients completed the 6-month follow-up period. Both patients and the personnel who gave the drug to the patients were blinded to treatment assignment. The study protocol was approved by Regional Ethics Committee of Isfahan University of Medical Sciences (research project number; 393703).
The inclusion criteria were patients aged >18 years, those who fulfilled at least four of the American College of Rheumatology (1982) classification criteria for SLE, [24] were under treatment for SLE, and had levels of Vitamin D (25-hydroxyvitamin D [25(OH)D]) <30 ng/ml. Patients with a history of any chronic systematic or inflammatory disease which affects Vitamin D absorption, cirrhosis, myocardial infarction, malignancy, renal stones or hypercalcemia, and hospitalization due to the complications of SLE during the study were excluded.
After explanation of the protocol of the study, written informed consent was obtained from each selected patient.
All patients were examined clinically by a rheumatologist. Demographic characteristics of the patients as well as history of the disease, medications, and activity of the disease were recorded for each patient using a checklist. Disease activity was measured using SLE disease activity index (SLEDAI). [25] Peripheral blood sample was obtained from the studied patients after overnight fasting. Blood samples were taken for complete blood count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), C3, C4, anti-double stranded DNA (dsDNA), blood urea nitrogen, creatinine, and Vitamin D level at baseline. Urine samples were obtained for protienuria and hematuria.
Patients in interventional group received Vitamin D (50,000 unit/weekly) for 12 weeks and then 50,000 unit/monthly for 6 months.
Vitamin D 3 (soft gel capsules containing 50,000 IU) was supplied by Zahravi Pharmaceutical Company (Tabriz, Iran) and placebo was supplied by the same company.
The level of Vitamin D and SLEDAI was measured after intervention period in interventional and placebo groups and compared.
Consort diagram of the study is presented in Figure 1 .
Laboratory measurements
Serum concentration of 25(OH)D was analyzed using the chemiluminescent immunoassay (CLIA) method (25(OH) D CLIA Kit, DiaSorin-Stillwater, MN, USA).
The titer of anti-dsDNA antibodies was detected by ELISA method. Levels of C3 and C4 components of complement were measured by nephelometry. ESR and CRP were measured by standard kits and using an autoanalyzer (Prestige 24i, Japan).
Statistical analysis
Statistical analysis was performed using SPSS software version 20 (SPSS Inc., Chicago, IL, USA) and paired t-test or Chi-square test and repeated measure ANOVA test. P < 0.05 was considered statistically significant.
RESULTS
During this trial, ninety Vitamin D-deficient SLE patients (9 men and 81 women) were selected and randomly allocated in two groups, namely interventional (n = 45) and placebo (n = 45) groups.
Baseline characteristics, biochemical measurements, and different treatment regimens of the studied population are shown in Table 1 . Baseline characteristics in the two groups were similar (P > 0.05).
The mean level of 25(OH)D and SLEDAI before and after intervention is shown in Figure 2 . The mean of Vitamin D was increased significantly in interventional group (17.36 ± 4.26 ng/ml vs. 37.69 ± 5.92 ng/ml, P < 0.001). The mean of Vitamin D had no significant difference before and after intervention in placebo group (16.78 ± 4.39 ng/ml vs. 16.62 ± 4.61 ng/ml, P = 0.53). The mean of disease activity (SLEDAI) was not different significantly before and after Vitamin D administration (3.09 ± 2.36 vs. was not different significantly before and after intervention in placebo group (3.09 ± 1.2 vs. 1.98 ± 2.47, P = 0.42).
DISCUSSION
In this trial, we evaluated the effectiveness of Vitamin D supplementation on the disease activity of Vitamin D-deficient SLE patients. The findings indicated that though the serum level of Vitamin D increased significantly after Vitamin D administration, the level of SLEDAI did not improved significantly.
As mentioned, several studies have indicated the high prevalence of Vitamin D deficiency among patients with SLE and recent studies also have shown its association with disease-related complications, disease activity as well as the rate of morbidity and mortality. [26] Although most of the related papers have recommended performing placebo-controlled studies for evaluating the efficacy of Vitamin D administration in reducing SLE disease activity, in literature review, we have not found many studies in this regard.
Recently, Sakthiswary and Raymond in Malaysia have systematically reviewed the clinical importance of Vitamin D in SLE patients. They reviewed 22 studies in this field; most of them were cross-sectional studies. According to their results, most of the studies indicated statistically significant inverse relationship between Vitamin D and SLE disease. Some of them did not show any association. [27] Only one of the studies was interventional and had investigated their relationship by administration of Vitamin D.
In the first interventional study which was not randomized, Ruiz-Irastorza et al. in Spain have studied the impact of oral Vitamin D supplementation on the disease activity of eighty SLE patients with low baseline Vitamin D levels. They did not demonstrate any significant correlation between the level of Vitamin D and SLEDAI. [19] since then a few studies were done in this field. Abou-Raya et al. in Egypt examined the effect of oral cholecalciferol 2000 IU/day for 12 months on disease activity of SLE patients with serum Vitamin D level of <30 ng/ml. They showed a significant improvement on disease activity of the studied population. [28] Petri et al. in the USA in a prospective study among 763 patients with SLE and with 25(OH)D level of <40 ng/ml have evaluated the effectiveness of 50,000 units of Vitamin D2 weekly plus 200 units of calcium/Vitamin D3 twice daily on the disease activity. They found a significant increase in the level of 25(OH)D and a significant decrease in disease activity. In spite of observed significant reduction in disease activity, they concluded that the clinical importance is relatively modest. [20] Recently, Andreoli et al. have compared the efficacy and safety of two different monthly regimens, a standard (25,000 UI/monthly) and an intensive (300,000 UI initial dose followed by 50,000 UI/monthly) regimens on the disease activity of 38 premenopausal women. Their results indicated that intensive therapy is more safe and effective for increasing the level of Vitamin D to is recommended level, but both the studied regimens neither had significant effect on disease activity nor the serology of SLE. [27] Our results were similar to that reported by Andreoli et al. and Ruiz-Irastorza et al. [19, 29] We did not find any significant improvement in SLE disease activity. Observed differences in the findings of the mentioned studies may be due to methodological and interlaboratory variations. [30] However, the role of genetic susceptibility and ethnic variation could not be ignored.
In addition, it seems that the higher dose of Vitamin D with long-term treatment course might have more favorable outcomes.
There are possibilities that patients with SLE are more prone to Vitamin D deficiency due to factors such as limited outdoor activity, use of photo-protective agents, renal function impairment, and chronic use of pharmacological agents, which reduce the absorption of Vitamin D and alter its metabolism. [31] Furthermore, anti-Vitamin D antibodies may enhance the plasma clearance of Vitamin D. [32] Hence, it is suggested that higher dose of Vitamin D is needed for patients with SLE or the cutoff for Vitamin D deficiency in this group of patients should be compared with the general population and appropriate cutoff value should be determined.
In addition, recent studies have indicated that to achieve the proper immunological outcome in patients with SLE, higher sustained level of 25(OH)D for longer duration is required. [33] The limitation of the current study was small sample size of patients and lack of baseline information regarding the level of Vitamin D in the studied population at the time of diagnosis. It is recommended that for obtaining more accurate results, we should compare different doses of Vitamin D administration on disease activity. Future studies should be designed also to determine the effectiveness of Vitamin D administration in different phases of the disease, i.e. at the time of diagnosis or in remission phase to provide more effective management protocol.
CONCLUSION
The findings of the current study indicated that Vitamin D administration has no significant effect on the SLE disease activity in Vitamin D-deficient SLE patients. According to our study, it is suggested that using Vitamin D in patients with SLE could not have better outcomes in this regard. However, there are many unknown environmental or biological factors which are associated with the disease activity of SLE and have not been identified yet.
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